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ADAPTIVE STREAMING OF VIDEO DATA FIG . 10 shows a skip simplification of the decoding mode 
OVER A NETWORK of FIG . 9 . 

FIG . 11 shows a scalable decoding algorithm in accor 
CROSS - REFERENCE TO RELATED dance with the teachings of the present disclosure . 

APPLICATIONS 5 FIG . 12 shows a high level language procedure illustrat 
ing the mode of operation of the teachings of the present 

This application claims benefit as a Divisional of U . S . disclosure . 
application Ser . No . 13 / 520 , 874 , filed on Jul . 6 , 2012 , which FIG . 13 shows a block diagram of a scalable packetizing 
is a National Stage Application under 35 U . S . C . S 371 of architecture in accordance with a further embodiment of the 
International Patent Application No . PCT / US2011 / 020027 , dis 
filed Jan . 3 , 2011 , which claims benefit of U . S . Patent DESCRIPTION OF EXAMPLE EMBODIMENTS Provisional Application No . 61 / 292 , 741 , filed Jan . 6 , 2010 , 
the entire contents of all of which are hereby incorporated by According to a first embodiment , an adaptive decoding 
reference as if fully set forth herein , under 35 U . S . C . § 120 . $ 120 . 15 multi - layer video system is provided , comprising : a base 
The applicant ( s ) hereby rescind any disclaimer of claim laver decoder : one or more enhancement laver decoders ; and 
scope in the parent application ( s ) or the prosecution history a decoding adaptor connected with the base laver decoder 
thereof and advise the USPTO that the claims in this and the one or more enhancement layer decoders , the 
application may be broader than any claim in the parent decoding adaptor controlling operation of the base layer 
application ( s ) . 20 decoder and the one or more enhancement layer decoders . 

According to a second embodiment , a method for adap 
FIELD tive decoding of a multi - layer video system is provided , 

comprising : reading video information , selecting a decoding 
The present disclosure relates to multi - layered video mode among a plurality of decoding modes for the video 

systems . More in particular , it relates to complexity - adaptive 25 information based on decoding time of previously decoded 
scalable decoding and streaming for multi - layered video video information ; decoding the video information of one or 
systems . more layers of the multi - layer system in accordance with the 

selected decoding mode ; updating the decoding time of the 
BACKGROUND previously decoded video information after each decoding ; 

30 and repeating said reading , selecting , and decoding if further 
In recent years , several applications and systems have video information is available . 

emerged that consider multi - layer approaches for the deliv According to a third embodiment , an adaptive multi - layer 
ery of video media . Such applications or systems may video server adapted to send video packets to clients over a 
include SNR or resolution , or temporally scalable systems , network is provided , comprising : a base layer video pack 
but also multi - view or 3D / stereo video , bitdepth and high 35 etizer ; one or more enhancement layer video packetizers ; 
dynamic range ( HDR ) applications among others . Such and a packetizing adaptor connected with the base layer 
applications or systems may demand significant compute video packetizer and the one or more enhancement layer 
resources for decoding , or may be affected by bandwidth video packetizers , the packetizing adaptor controlling opera 
variations in a network during delivery . tion of the base layer video packetizer and the one or more 

The delivery of stereoscopic video has been a long - held 40 enhancement layer video packetizers . 
goal of content providers . Recent innovations in display According to a fourth embodiment , a method for adaptive 
technology , such as 3D capable DLPs [ see reference 1 , streaming of video data over a network is disclosed . The 
incorporated herein by reference in its entirety ] and plasma method includes receiving , by one or more decoders of a 
displays such as those by Mitsubishi and Samsung , have video streaming client , first video information of a video 
increased the urgency of developing efficient techniques for 45 data stream with one or more operations of first complexity . 
delivering stereoscopic video . The first video information is sent by a video streaming 

server to the video streaming client using video streaming . 
BRIEF DESCRIPTION OF THE DRAWINGS The method further includes obtaining client - related infor 

mation based at least in part on a decoding capability of the 
FIGS . 1A and 1B show a system overview of a 3D video 50 video streaming client related to decoding the first video 

decoding framework . information with the one or more operations of the first 
FIGS . 2A and 2B show block diagrams of a scalable complexity by the one or more decoders . The method also 

decoding architecture in accordance with the teachings of includes using , by the video streaming client , the client 
the present disclosure . related information to cause the video streaming from the 

FIG . 3 shows a full decoding mode ( FDM - 0 ) in accor - 55 video streaming server to the video streaming client to be 
dance with an embodiment of the disclosure . adapted to a different overall bit rate and based at least in 

FIG . 4 shows the picture ' s decoding dependency . part on the client - related information , determining whether 
FIG . 5 shows a further decoding mode ( FDM - 1 ) in the one or more operations of the first complexity should 

accordance with the disclosure . continue to decode subsequent video information to be 
FIG . 6 shows another decoding mode ( FDM - 2 ) in accor - 60 received later than the first video information in the video 

dance with the disclosure . streaming . In response to determining that the one or more 
FIG . 7 shows yet another decoding mode ( FDM - 3 ) in operations of the first complexity should not continue to 

accordance with the disclosure . decode subsequent video information to be received later 
FIG . 8 shows a skip simplification of the decoding mode than the first video information in the video streaming , the 

of FIG . 7 . 65 method includes receiving , by the one or more decoders of 
FIG . 9 shows a still further decoding mode 4 ( FDM - 4 ) in the video streaming client , second video information of the 

accordance with the disclosure . video data stream with one or more operations of second 
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complexity that is different from the first complexity . The enhancement layer decoders ( 210 ) are shown . In the 
second video information is received subsequent to the first embodiment of FIG . 2B presence of an RPU ( 115 ) is also 
video information . taken into account . 

Further embodiments of the disclosure are provided in the In particular , for each of the base layer decoder and 
specification , drawings and claims of the present applica - 5 enhancement layer decoder , the decoding adaptation module 
tion . ( 215 ) is able to enable a full decoding mode , a simplified 

FIGS . 1A and 1B illustrate an overview of decoding decoding mode , or even enable skipping of that decoding 
systems where a base ( 105 ) and an enhancement layer ( 110 ) yer ( " ) mode altogether . Similarly , for the RPU , the decoding adap decoder are shown . An exemplary architecture employing tation module is able to enable full filtering , partial filtering the decoding system of FIG . 1A is the Stereo High Profile 10 or skipping of the RPU step altogether . ( SHP ) of the MPEG - 4 AVC / H . 264 standard . This profile is The decoding adaptation block of FIGS . 2A and 2B is a special case of the Multiview Video Coding ( MVC ) 
extension of MPEG - 4 AVC that adds stereo video coding adapted to receive feedback from all other blocks , such as 
support in the standard specification . See , for example , base decoder , enhancement decoders , and RPU . The infor 
reference 2 . incorporated herein by reference in its entirety . 15 mation passed to the decoding adaptation block can include 
An exemplary architecture employing the decoding system information about the decoding complexity , dependencies 
of FIG . 1B is Dolby ' s Frame Compatible Full Resolution between blocks or coding units ( through bitstream analysis 
( FCFR ) system . See , for example , International Patent or metadata that may even exist in the bitstream ) , as well as 
Application No . PCT / US2010 / 031762 filed Apr . 20 , 2010 , information about power usage and video quality . Quality 
for “ Directed Interpolation and Data Postprocessing ” and 20 considerations may include distortion introduced up to now 
International Patent Application No . PCT / US2010 / 040545 and possible distortion if certain decisions are taken later on . 
filed Jun . 30 , 2010 , for “ Encoding and Decoding Architec - All such information is processed in the module to perform 
tures for Format Compatible 3D Video Delivery ” , both of the decoding adaptation in order to decide which module 
which are incorporated herein by reference in their entirety . should be affected and how much . Similar considerations 
In MPEG - 4 AVC SHP , each view is stored in a separate 25 can be made with reference to the streaming embodiment 
layer . The base layer of Dolby FCFR stores half the number ( including network characteristics ) , as later discussed with 
of samples from each view and may be constructed by reference to FIG . 13 . 
different interleaving methods , such as checkerboard and in the examples shown in the following paragraphs , six 
side - by - side interleaving among others . The enhancement different decoding modes with different complexity are 
layer provides the remaining information of the two views 30 considered . However , the person skilled in the art will 
( the other half samples for each view ) . The decoding system understand that any number of different decoding modes can 
will combine the pictures output from both layers to gener - be considered . While the examples of the following figures 
ate two views in full resolution . show one enhancement layer and an RPU , the person skilled 

In the system of FIG . 1B , a reference processing unit in the art will understand that the RPU is optional and more 
( RPU ) is shown ( 115 ) . The RPU processes the output picture 35 than one enhancement layer can be provided , if desired . 
from the base layer to generate a high quality reference that FIG . 3 shows a first example of decoding mode , where the 
may be later used for motion - compensated prediction of the most computationally complex mode ( also called full decod 
enhancement layer . A post processing unit ( 120 ) , also shown ing mode ) is applied both to the base layer ( 305 ) and the 
in FIG . 1B , may also be included . In a 3D application enhancement layer ( 310 ) . Such mode will be referred to as 
example , the post processing unit can produce the full 40 FDM - O throughout the present disclosure . The picture qual 
resolution pictures of each view by combining the output of ity will degrade when using the fast decoding modes , with , 
the two decoders ( 105 , 110 ) . however a controlled quality loss . 

Embodiments of the present disclosure are directed to FIG . 4 shows the picture dependency in the decoding 
complexity - adaptive decoding and streaming techniques as process . As an example , disposable bi - predictive pictures 
later discussed with reference to FIG . 13 . As already men - 45 ( B ) ( 405 ) depend on predictive pictures ( P ) ( 410 ) but are not 
tioned above , such techniques can be used , for example , for used as references and therefore , any errors that occur in 
real - time playback and streaming of 3D video coding sys - decoding such pictures will not affect the decoding process 
tems on a variety of platforms ranging from high - end to of other pictures . P pictures may be used as reference 
low - end processing systems . The teachings of the present pictures for succeeding P pictures and B pictures . The error 
disclosure can also be applied to other similar scalable 50 in a P picture will propagate to following P and B pictures 
solutions such as 3D solutions presented by companies such dependent on it , and , even worse , this kind of error will 
as Sensio and Real - D , or other solutions that employ similar propagate within a whole Group of Pictures ( GOP ) . Note 
scalable concepts . The person skilled in the art will also here that B coded pictures can be disposable but may also be 
understand that the teachings of the present disclosure are used as references ( 415 ) for motion - compensated prediction 
not to be restricted to 3D applications only but could involve 55 ( denoted as RB pictures in this illustration ) . The same is also 
quality scalability systems , bit depth scalability , including true for intra - coded ( I ) or uni - predictive - coded pictures ( P ) . 
high dynamic range scalable solutions among others . While in past coding standards I and P were always used as 

Further applications of the present disclosure are directed references and B pictures were deemed disposable , in 
to seamless video streaming across heterogeneous and vary - MPEG - 4 AVC / H . 264 this is no longer the case . Any type of 
ing networks such as those described in references 3 - 5 , 60 picture may be signaled as disposable . 
incorporated herein by reference in their entirety . The images between two intra ( 1 ) coded pictures , that can 

According to several embodiments of the present disclo - usually be independently decoded , are commonly consid 
sure , a complexity metric and an adaptation mechanism are ered as belonging into a single GOP . In MPEG - 4 AVC , intra 
provided . FIGS . 2A and 2B show a decoding adaptation coded pictures may have to be Instantaneous Decoder 
module which controls operation of the base layer decoder , 65 Refresh ( IDR ) pictures , or be signaled as Random Access 
RPU and enhancement layer decoder . In the embodiment of Units . As a result , for the illustrated example coding struc 
FIG . 2A , a base layer decoder ( 205 ) and one or more ture , a P picture is more important than a B coded picture . 
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Similar dependencies may exist when using hierarchical references of any other pictures . It should be noted that the 
coding structures with fixed or adaptive GOPs . simplification method for the base and enhancement layers 

Therefore , in accordance with some embodiments of the can be different and can be any one of the simplification 
present disclosure , an attempt will be initially made to methods discussed above with reference to FDM - 1 . 
reduce the decoding complexity of disposable pictures . If 5 The decoding methods FDM - 1 and FDM - 2 shown in 
the decoding speed is still slower than the target decoding FIGS . 5 and 6 can be used if the decoding speed is slightly 
speed and the decoding complexity of the current reference lower than the target speed . 
picture is higher than a given threshold , then the decoding FIGS . 7 - 10 will show two additional fast decoding modes 
complexity of the reference picture will be reduced , depend ( called FDM - 3 and FDM - 4 ) that can result in further sim 
ing also on its impact to future pictures in the GOP . The 10 plification of the decoding process . 
decoding mode can also be determined based on a higher FIG . 7 illustrates the decoding mode FDM - 3 , where the 
level , such as GOP level instead of only picture level . In enhancement layer is simplified through additional simpli 
other words , instead of making decisions one picture at a fication of its residue decoding process when decoding 
time , the system can make decisions at the GOP level or for non - reference or disposable pictures . The residue decoding 
every N pictures at a time . That is , the decoder ( or server in 15 process ( 705 ) includes sub - processes such as entropy decod 
the streaming case later explained in FIG . 13 ) , can evaluate ing , inverse transform and inverse quantization . Therefore , 
its complexity capabilities ( or network bandwidth in the there are different ways by which such process can be 
streaming embodiment ) and immediately make decisions simplified , by simplifying one or more of the above sub 
that affect all these pictures in the current GOP . That is , it processes . Additionally , the residue decoding can be sim 
may say that deblocking could be skipped for all enhance - 20 plified for different slices , where each slice can use a 
ment layer pictures , or that there will be no decoding of different simplification method based on metadata or analy 
enhancement layers for all pictures in the GOP ( or not sis . 
transmit any enhancement layer info for the streaming case In a particular embodiment , the entire residue decoding 
of FIG . 13 ) , or even analyze the dependencies in the GOP process can be skipped , as shown in FIG . 8 . In this case , the 
and based on that determine which pictures should be 25 output of the RPU ( 805 ) process will be taken as the output 
decoded fully , or partially ( and at what level ) or not at all . of enhancement layer . In case of 3D video coding , the 
In such case , the decisions are done at a global level . decoder will produce the full resolution picture by multi 
However , this does not exclude additional refinements that plexing together the output of the base layer and the output 
could be done also at a local level ( picture or slice ) . of the RPU unit in a post - processing step ( 810 ) . 
Therefore , the process can be local , global or a combination 30 The decoding mode FDM - 3 will introduce some addi 
of local and global . tional distortion since some high frequency signal stored in 

FIG . 5 illustrates a second decoding mode , less complex the residue part of the compressed bitstream will not match 
than the FDM - 0 mode , referred to herein as FDM - 1 mode . that at encoder side . However , no error propagation will 
According to such mode , decoding at the enhancement layer occur . Moreover , the error can be well controlled in embodi 
is simplified . By way of example , the deblocking process of 35 ments where metadata are used to help the simplification 
non - reference pictures ( usually B pictures ) can be simplified methods , or if the simplification method is content adaptive . 
or even eliminated ( 505 ) . For example , the deblocking For example , the quality distortion of the residue decoding 
process can be simplified by using simpler deblocking process simplification can be measured at the encoder side 
filtering mechanisms than the ones specified by the system , based on slice level , and this information can be embedded 
simplifying or disabling the deblocking process of only 40 in the bitstream as metadata . At the decoder , the decoder can 
certain color components , or even simplifying or disabling make a decision to enable certain simplifications or not 
the deblocking process for only certain slices . according to the distortion information . Instead of distortion 

Decision on when and how to modify the deblocking information , the dependencies between different slices or 
process can depend not only on complexity but also on how pictures could also be provided , while the distortion infor 
quality is affected for the picture . The decision could be 45 mation could just be an estimate of potential distortion that 
based on information about the picture or group of pictures could be introduced to the bitstream if a simplified decoding 
collected during decoding . By way of example , the decision method is considered . In the streaming embodiment later 
could be based on the motion of the picture or slice , or based discussed in FIG . 13 , error control can occur by not signal 
on signaled information such as metadata that provide hints ing certain information . 
to such process in the bitstream . 50 In a different embodiment , only certain slices in a picture 

Using the FDM - 1 mode shown in FIG . 5 , the decoding can be selected for decoding , or decoding of all slices in 
process is sped up compared to FDM - 0 at the cost of usually parallel can be started and stopped after a certain time has 
a small picture quality loss . Because this mode only affects passed or after a certain number of macroblocks in these 
disposable non - reference pictures , the error due to this slices have been decoded . For the remaining regions that 
simplified decoding process will not propagate to subse - 55 have not been decoded , the signal from the RPU can be used 
quently decoded pictures . instead , as shown in FIG . 8 . 

FIG . 6 shows a simpler decoding mode compared to FIG . 9 illustrates a further decoding mode , referred to 
FDM - 1 , which will be referred to as FDM - 2 . According to herein as FDM - 4 mode . According to such embodiment , the 
such mode , decoding at both the base layer ( 705 ) and the RPU process ( 910 ) , the enhancement layer decoding ( 915 ) 
enhancement layer ( 810 ) is simplified ( 815 , 720 ) . By way of 60 ( such as residue decoding and deblocking ) and the post 
example , the deblocking process of a non - reference picture processing ( 920 ) of non - reference pictures at the enhance 
both at the base layer and the enhancement layer is simpli - ment layer can be simplified . In particular , the simplification 
fied or even skipped . Even though this may result in some process could involve using a different interpolation filter 
further distortion in the enhancement layer , because of the than the one specified , not decoding some macroblocks that 
alteration of the reference provided by the RPU , as well as 65 use expensive subpixel positions and reverting to the RPU 
some distortion in the base layer , there will be no resulting processed signal , not decoding macroblocks that use bi 
drift during decoding since such frames are not used as prediction or weighted prediction etc . The simplification can 

??? 1 ? ?? 
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work on each sub - process or each slice . The RPU process decoding a picture and how much time is available for the 
can also be simplified by either using different filters than the current picture to ensure that decoding will happen without 
ones specified . For example , a shorter filter could be used exceeding this budget , and so on . 
instead of a longer filter , 1D filers could be used instead of Additionally , if desirable , a system may decide to group 
2D filters , fixed filters could be used instead of an explicit 5 multiple pictures together and perform such decisions for 
filter and so on . These filters can be selected for the entire these pictures jointly , instead of considering a single picture 
picture , regions ( different filters can be signaled in the RPU or slice at a time . The savings in complexity by skipping or 
for different regions ) , or even at the color component level . reducing decoder complexity for multiple pictures could 

FIG . 10 show a special case of the embodiment of FIG . 9 , result in savings that could be used for other pictures , which 
where the RPU process , residue decoding process and 10 may have a much more important impact in subjective 
deblocking process are skipped ( 1005 ) . The FDM - 4 process quality than the current one . The decision of whether to skip 
could also be extended to the base layer , assuming that the multiple pictures or not could be based on picture similarity 
enhancement layer has already been completely skipped and which could be provided in bitstream metadata , or even 
that the base layer belongs to a non - reference picture . inferred given bitstream information such as motion vectors 

The simplification processes shown in the above figures 15 that may be available in the bitstream . If , for example 
and embodiments can also be extended to reference pictures motion vectors of two subsequent pictures are similar , then 
as well , in case the use of one or more of the above it is known that these pictures would also be similar and can 
embodiments does not , still , result in sufficient decoder be simplified ( e . g . skipped ) together using similar methods . 
complexity or desirable streaming functionality . A decoding An embodiment of scalable decoding procedure that 
mode extending the above embodiments to reference pic - 20 controllably applies the above described simplifications is 
tures will be referred to herein as FDM - 5 . This is the fastest shown in FIG . 11 . A decoding mode is initially set ( 1105 ) 
decoding mode and can be used on the base layer , enhance after reading of a picture ( 1110 ) . An example of how to set 
ment layer or both . In such case , bad artifacts may occur if the decoding mode will be illustrated with reference to FIG . 
the simplifications are not done in a controlled manner . 12 , later described . If the selected decoding mode is the 
Considerations , for example , of where a picture is in the 25 fastest decoding mode FDM - 5 , which provides simplifica 
GOP , and how far and by how much the quality will be tion of reference pictures as well , as described above , the 
impacted due to any decoding simplifications , as well as the decoding complexity is also estimated . As already noted 
implications in complexity and streaming , can significantly above with reference to the description of the decoding 
help in the selection of the process that should be applied to mode FDM - 5 , estimation of the decoding complexity ( 1115 ) 
this picture , if any . A picture , for example that is near the end 30 and later comparison with threshold parameters allows a 
of the GOP , even if it is a reference picture , could be more controlled selection of which simplifications to perform 
easily sacrificed than other pictures early on in the GOP inside such decoding mode . The slice , picture , or GOP is 
since its quality will not propagate to too many pictures . then decoded according to the selected decoding mode 
Moreover , it is desirable to act on reference pictures in the ( 1120 ) . The average decoding time is then updated ( 1123 ) in 
enhancement layer ( through simplification or skipping ) 35 accordance with equations that will be described later . The 
before affecting reference pictures in the base layer . process is then repeated until decoding is terminated ( 1130 ) . 

In particular , when the current picture is a reference Turning now to FIG . 12 , an example of a decoding mode 
picture , the decoding complexity of such picture will be setting algorithm to be used in accordance with the disclo 
estimated , as later explained in subsequent paragraphs , in s ure will be described . If the average decoding time ( Dec 
order to reduce the quality loss as much as possible , while 40 Time Ad ) is greater than a first threshold T . , ( 1205 ) the 
at the same time the increase in decoding speed is maxi - decoding complexity will be reduced by changing the 
mized . decoding mode to a simplified version 

Once the decoding complexity of such picture is known or ( DecMode = DecMode + 1 ) ( 1210 ) . If the average decoding 
estimated , if there is no side information to indicate the time is greater than a second threshold T2 ( T2 > T . ) , which 
picture ' s distortion provided through , e . g . , metadata ) , the 45 means that the current decoding is quite slow , the decoding 
decoding process can be handled as follows . If the estimated mode is set to the least complex one , such as the FDM - 5 
complexity of the decoding process of such picture is lower mode discussed above ( DecMode = FDM _ 5 ) ( 1215 ) . If the 
than a first threshold TFDM 5° , meaning that the complexity average decoding time is not greater than threshold T , and 
is low enough for the decoding capabilities of systems , then less than threshold T , which means the decoding is fast 
no changes occur in the decoding process . Otherwise if the 50 enough , the decoding complexity will be increased to ensure 
estimated complexity is higher than the first threshold but better picture quality . If , on the other hand , the average 
lower than a second threshold TFDM - 51 , meaning that the decoding time is not greater than threshold T , and not 
complexity is neither too low nor too high , then an initial greater than threshold T1 , the previously used decoding 
simplification of the decoding process occurs , such as sim complexity will be kept ( Keep the DecMode ) ( 1220 ) . 
plification of the deblocking process . If , on the other hand , 55 In the following paragraphs , four equations will be dis 
the complexity is higher than the second threshold TEDY - 5 cussed for a better understanding of the processes involved 
then a further simplification occurs , such as simplification of in FIGS . 11 and 12 . Equation ( 1 ) will describe how the 
the residue decoding process and deblocking process . average decoding time is updated in the flow chart of FIG . 

The above described embodiments have been described at 11 . On the other hand , equations ( 2 ) - ( 4 ) will describe how 
the picture level . However , different embodiments can be 60 decoding complexity is estimated . 
provided , where all of the proposed decoding modes can be In particular , Equation ( 1 ) describes an example of how 
applied , for example , at the slice level , which is a sub - the average decoding time DecTime Avg can be updated . a is 
picture / region level . Application at the slice level can occur the factor that controls the updating speed , which can 
both for reference and non - reference pictures . The above depend on the length of Group of Picture ( GOP ) . By way of 
mentioned thresholds used for the reference pictures can be 65 example , a can decrease with a longer GOP . 
computed based on previous observations during the decod 
ing of the bitstream , the average time that one budgets for DecTime Avg = LastPicDecTime ' a + DecTime Avg ( 1 - a ) ( 1 ) 
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Turning now to the estimation of decoding complexity ships , etc can also be provided . Information on the com 
step of FIG . 11 , such process can be comprised of two parts . plexity of a picture can also be provided through metadata . 

In the first part , the complexity of the RPU process is However , in some cases complexity may have to be calcu 
estimated . Such complexity depends on the filter type and lated , or refined ( over the presence of metadata ) by analyz 
area of partition and can be calculated , for example , by 5 ing the bitstream . 
Equation ( 2 ) . The complexity of RPU processing of the Although embodiments of the present disclosure take into 
entire picture is the sum of the complexity of all partitions . account complexity estimation processes , such processes 

can still be lower in complexity than performing a full 
decoding operation . 

Complexityrpu = Complexity ( filter ; ) . Area ( Partition ) ( 2 ) 10 In particular , an estimate of complexity at the slice level 
can be derived by first examining the number of bits such 
slice occupies . If that is not sufficient , partial or complete 

The second part deals with the estimation of the residual entropy decoding only can be performed . Doing so , allows 
decoding complexity . Such estimation depends on the num - 15 determination of the header information bits vs the texture 
ber of coded bits and the slice type and can be calculated by bits . If the bitstream comprises a large number of header 
Equation ( 3 ) through estimation , for example , with a lookup bits , meaning the presence of a large number of motion 
table . Such table can be built for the decoding times of vectors , that would suggest that too much processing may 
different slice types with same size taking into account have to be performed for motion compensation and even previous decoding statistics . 20 deblocking if enabled in the bitstream . On the other hand , if 

the texture information is significant , then that may suggest 
that a large amount of time may have to be spent during ComplexityResidue = Complexity type ( slice ; ) , BitLength ( slice ; ) ( 3 ) decoding for the transform and quantization process . 

The above described complexity analysis can affect any 
25 layer and any modes discussed in the present disclosure . 

The overall complexity can be estimated in Equation ( 4 ) If further information is needed , just motion information 
where the results of equations ( 2 ) and ( 3 ) are taken into of the video can be decoded , without performing the full 
account and where ß is a weighting factor that corresponds motion compensation process , to obtain a better estimate of 
to the ratio of the complexity of the RPU process compared the decoding complexity of the picture . If this is deemed 
to the whole decoding process . It is measured on the basis 30 satisfactory , then the full decoding of the picture follows , 
of gathered statistics . otherwise all remaining decoding steps can be skipped or 

Complexity picture = Complexity RPvB + simplified as discussed earlier . 
Complexity Residue ' ( 1 - B ) ( 4 ) The teachings of the present disclosure can be used for 

Metadata information , signaled for example using an SEI 35 reai 35 real time decoding and streaming of 3D video coded images 
( Supplemental Enhancement Information ) message , on different platforms , such as low end platforms . They can 
MPEG - 4 or MPEG - 2 transport or program layer user speci be used , for example , on a video decoder , playback device , 
fied messages or through other mechanisms can be used to and also within some display devices that are capable of 
provide side information about the distortion impact of a displaying high resolution stereoscopic views . 
slice , picture or GOP . Such additional information may be 40 The teachings of the present disclosure can also be used 
useful to determine possible simplifications in the control of in video streaming servers considering network transmission 
mode FDM - 5 as described above . For example , the decoder bandwidth and the client ' s decoding capability . A generic 
can receive a measure of the quality of each slice or picture , depiction of the process occurring in a video streaming 
and / or picture dependencies , and the impact any decoder server is shown in FIG . 13 . 
simplification may have to the quality or complexity as 45 In a streaming application , similarly to what discussed 
metadata . Given this information , the decoder can determine with reference to the previous figures , the server will adapt 
even for reference pictures , how the decoder simplification the packetizing process ( 1305 ) according to the feedback 
process will be performed by first impacting slices that will including packet loss ratio and delay from clients ( 1310 ) 
result in only small distortion , while also having significant while trying to keep the best quality for the clients . Pack 
impact on overall decoder complexity . Decision could be 50 etizing refers to the process of splitting the data to be 
distortion - or complexity - based only , but could also be based delivered into small units and encapsulating each unit into a 
on a joint decision , e . g . using a Lagrangian optimization formatted block whose format is friendly for network trans 
method . mission , such as an IP packet . Traffic information is pro 

It should be noted that in the example of FIG . 12 the vided by the client back to the adaptation module on the 
SetDecodingMode algorithm only specifies performance 55 server side . When the packet loss ratio is quite low , the 
based on timing and does not account directly for quality server will send all packets of all layers . If , on the other 
Further embodiments are possible , where quality can be hand , the packet loss ratio is increasing but still low , then the 
more directly controlled . For example , if two methods result server will first discard the enhancement layer packets on 
in similar decoding time savings , the one resulting in lower disposable slices . The server will then discard the base layer 
distortion could be selected . Alternatively , all modes that 60 packets on disposable slices if packet loss ratio is still 
would result in a complexity reduction of at least N % could increasing , and discard enhancement layer packets on non 
be considered , they could be jointly evaluated , and the one disposable slices further . Therefore , in the application of 
that results in the best performance J = D + C could be FIG . 13 , instead of adjusting the bitstream for decoder 
selected , where D is introduced distortion , C is complexity complexity , only some packets are signaled to the client 
and 2 is the Lagrangian multiplier . 65 ( thus reducing the overall bit rate and load of the network ) 

Additional information , such as to where it is safe or not while considering the same dependencies in the bitstream . 
to perform any simplification , GOP and prediction relation - The streaming or packetizing adapter of FIG . 13 can receive 

Simp 
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information from the server itself ( either independently from 
the clients or after processing client information ) and / or 
from the client or clients . 
According to an embodiment of the disclosure , the server 

can also select to discard information that could result in 5 
some small drift or errors ” during decoding . This could be 
signaled to the client as metadata . Furthermore , given this 
knowledge , on the client side the client can try ( if possible 
and / or desired ) to correct these errors . The server may know 
the abilities of the client ( or even clients in a multi - cast + 10 
environment ) and allow such scenarios to happen based on 
the knowledge of these abilities . By way of example , a 
Lagrangian cost can be provided where the parameters may 
include network bandwidth , quality of each client , power 15 
consumption ( if relevant ) , and so on . 

Embodiments of the present disclosure are also provided , 
where the architecture of FIG . 2 on the decoding side is 
combined with the architecture of FIG . 13 on the server side . 

Some embodiments of the present disclosure focus on 20 
techniques of adapting bitstreams to achieve seamless video 
delivery and best user experience across different platforms 
and systems primarily in the context of stereoscopic video 
solutions . However , the person skilled in the art will under 
stand that the concepts presented here could apply to other 25 
similar systems as well , such as High Dynamic Range 
( HDR ) - like scalable systems , or multi - view coding . 

The methods and systems described in the present dis 
closure may be implemented in hardware , software , firm 
ware or combination thereof . Features described as blocks , 30 
modules or components may be implemented together ( e . g . , 
in a logic device such as an integrated logic device ) or 
separately ( e . g . , as separate connected logic devices ) . The 
software portion of the methods of the present disclosure 25 
may comprise a computer - readable medium which com 
prises instructions that , when executed , perform , at least in 
part , the described methods . The computer - readable medium 
may comprise , for example , a random access memory 
( RAM ) and / or a read - only memory ( ROM ) . The instructions 40 
may be executed by a processor ( e . g . , a digital signal 
processor ( DSP ) , an application specific integrated circuit 
( ASIC ) , or a field programmable logic array ( FPGA ) ) . 

All patents and publications mentioned in the specifica 
tion may be indicative of the levels of skill of those skilled 45 
in the art to which the disclosure pertains . All references 
cited in this disclosure are incorporated by reference to the 
same extent as if each reference had been incorporated by 
reference in its entirety individually . 

It is to be understood that the disclosure is not limited to 50 
particular methods or systems , which can , of course , vary . It 
is also to be understood that the terminology used herein is 
for the purpose of describing particular embodiments only , 
and is not intended to be limiting . As used in this specifi 
cation and the appended claims , the singular forms “ a , ” 55 
“ an , ” and “ the ” include plural referents unless the content 
clearly dictates otherwise . The term “ plurality ” includes two 
or more referents unless the content clearly dictates other 
wise . Unless defined otherwise , all technical and scientific 
terms used herein have the same meaning as commonly 60 
understood by one of ordinary skill in the art to which the 
disclosure pertains . 

A number of embodiments of the disclosure have been 
described . Nevertheless , it will be understood that various 
modifications may be made without departing from the spirit 65 
and scope of the present disclosure . Accordingly , other 
embodiments are within the scope of the following claims . 

The invention claimed is : 
1 . A method for adaptive streaming of video data over a 

network , comprising : 
receiving , by one or more decoders of a video streaming 

client , first video information of a video data stream ; 
decoding , by the video streaming client , the first video 

information with one or more operations of first com 
plexity , wherein the first video information is sent by a 
video streaming server to the video streaming client 
using video streaming ; 

obtaining , by the video streaming client , client - related 
information based at least in part on a decoding capa 
bility of the video streaming client related to decoding 
the first video information with the one or more opera 
tions of the first complexity by the one or more decod 
ers ; 

wherein the video streaming client uses the client - related 
information to cause adapting an overall bit rate of the 
video streaming from the video streaming server to the 
video streaming client ; 

based at least in part on the client - related information , 
determining , by the video streaming client , whether the 
one or more operations of the first complexity should 
continue to decode subsequent video information to be 
received later than the first video information in the 
video streaming ; 

wherein determining , by the video streaming client , 
whether the one or more operations of the first com 
plexity should continue to decode subsequent video 
information to be received later than the first video 
information in the video streaming includes determin 
ing , by the video streaming client based at least in part 
on network characteristics affecting the video data 
stream , whether to retrieve less video information from 
the video streaming server ; 

in response to determining , by the video streaming client , 
that the one or more operations of the first complexity 
should not continue to decode subsequent video infor 
mation to be received later than the first video infor 
mation in the video streaming , performing : 
receiving , by the one or more decoders of the video 

streaming client , second video information of the 
video data stream ; 

decoding , by the video streaming client , the second 
video information with one or more operations of 
second complexity that is different from the first 
complexity , wherein the second video information is 
received subsequent to the first video information . 
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2 . The method of claim 1 , wherein determining whether side information ; and wherein the encoder - generated meta 
the one or more operations of the first complexity should data includes a quality distortion measure associated with 
continue to decode subsequent video information to be decoding video information that is transmitted by the video 
received later than the first video information in the video streaming server along with the side information . 
streaming is based at least in part on the network charac - 5 15 . The method of claim 1 , further comprising : 
teristics affecting the video data stream . continuing gathering the client - related information based 

3 . The method of claim 1 , further comprising transitioning at least in part on one or more second client - related 
from the one or more operations of the first complexity to the information generated by the video streaming client 
one or more operations of the second complexity at one of : while decoding the second video information with the 
a picture level , a group - of - picture ( GOP ) level , or a video 10 one or more operations of the second complexity by the 
slice level . one or more decoder ; 

4 . The method of claim 1 , wherein the one or more based at least in part on the client - related information as 
operations of the first complexity generate a first video slice continuously gathered while the second video informa 
of a first video quality , and wherein the one or more tion is decoded , determining whether the one or more 
operations of the second complexity generate a second video 15 operations of the second complexity should continue to 
slice of a second video quality different from the first video decode subsequent video information to be received 
quality . later than both the first video information and the 

5 . The method of claim 1 , further comprising sending , by second video information in the video streaming . 
the video streaming client , client information to the video 16 . A system for adaptive streaming video data over a 
streaming server to cause the video streaming server to 20 network , comprising : 
transmit only base layer video information . a video streaming server that is configured to send first 

6 . The method of claim 1 , further comprising sending , by video information and second video information in one 
the video streaming client , client information to the video or more video data streams to one or more video 
streaming server to cause the video streaming server to streaming clients ; 
transmit both base layer video information and enhancement 25 a video streaming client that is configured to perform : 
layer video information . receiving , by one or more decoders of the video stream 

7 . The method of claim 1 , wherein the first video infor ing client , first video information of a video data 
mation comprises a plurality of video information portions stream ; 
including a base layer portion and one or more enhancement decoding , by the video streaming client , the first video 
layer portions , where the base layer portion is encoded with 30 information with one or more operations of first 
pictures of a first video quality , and wherein a combination complexity , wherein the first video information is 
of the base layer portion and the one or more enhancement sent by a video streaming server to the video stream 
layer portions are collectively encoded with pictures of a ing client using video streaming ; 
second video quality higher than the first video quality . obtaining client - related information based at least in 

8 . The method of claim 1 , wherein the first video infor - 35 part on a decoding capability of the video streaming 
mation comprises a plurality of video information portions client related to decoding the first video information 
including a base layer portion and one or more enhancement with the one or more operations of the first com 
layer portions , where the base layer portion is used to plexity by the one or more decoders ; 
produce pictures of a first view , and wherein the one or more wherein the video streaming client uses the client 
enhancement layer portions are used to produce pictures of 40 related information to cause adapting an overall bit 
a second view . rate of the video streaming from the video streaming 

9 . The method of claim 1 , wherein the first video infor server to the video streaming client ; 
mation comprises a plurality of video information portions based at least in part on the client - related information , 
including a base layer portion and one or more enhancement determining , by the video streaming client , whether 
layer portions , where the base layer portion is used to 45 the one or more operations of the first complexity 
produce pictures of a first view , and wherein the one or more should continue to decode subsequent video infor 
enhancement layer portions are collectively used to produce mation to be received later than the first video 
pictures of a second view . information in the video streaming ; 

10 . The method of claim 1 , wherein the one or more wherein determining , by the video streaming client , 
decoders perform operations to support an H . 264 / MPEG - 4 50 whether the one or more operations of the first 
AVC standard profile . complexity should continue to decode subsequent 

11 . The method of claim 1 , wherein the one or more video information to be received later than the first 
decoders perform operations related to one or more of : 3D video information in the video streaming includes 
solutions or high dynamic range solutions . determining , by the video streaming client based at 

12 . The method of claim 1 , wherein determining whether 55 least in part on network characteristics affecting the 
the one or more operations of the first complexity should video data stream , whether to retrieve less video 
continue to decode subsequent video information to be information from the video streaming server ; 
received later than the first video information in the video in response to determining that the one or more opera 
streaming is further based on encoder - generated metadata . tions of the first complexity should not continue to 

13 . The method of claim 12 , wherein the encoder - gener - 60 decode subsequent video information to be received 
ated metadata is received by the video streaming client as later than the first video information in the video 
side information ; and wherein the encoder - generated meta streaming , performing : 
data includes a quality measure of video information that is receiving , by the one or more decoders of the video 
transmitted by the video streaming server along with the side streaming client , second video information of the 
information . 65 video data stream ; 

14 . The method of claim 12 , wherein the encoder - gener decoding , by the video streaming client , the second 
ated metadata is received by the video streaming client as video information with one or more operations of 
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second complexity that is different from the first 18 . A device comprising : 
complexity , wherein the second video information one or more processors ; 
is received subsequent to the first video informa one or more non - transitory computer readable storage 
tion . media comprising a sequence of instructions , which 

17 . One or more non - transitory computer readable storage 5 when executed by the one or more processors , cause the 
media comprising a sequence of instructions , which when one or more processors to perform : 

executed by one or more processors , cause the one or more receiving , by one or more decoders of the video stream 
processors to perform : ing client , first video information of a video data 

receiving , by one or more decoders of the video streaming stream ; 
client , first video information of a video data stream ; 10 decoding , by the video streaming client , the first video 

decoding , by the video streaming client , the first video information with one or more operations of first 
information with one or more operations of first com complexity , wherein the first video information is 
plexity , wherein the first video information is sent by a sent by a video streaming server to the video stream 
video streaming server to the video streaming client ing client using video streaming ; 
using video streaming ; obtaining , by the video streaming client , client - related 

obtaining , by the video streaming client , client - related information based at least in part on a decoding 
information based at least in part on a decoding capa capability of the video streaming client related to 

decoding the first video information with the one or bility of the video streaming client related to decoding 
the first video information with the one or more opera more operations of the first complexity by the one or 
tions of the first complexity by the one or more decod - 20 more decoders ; 

wherein the video streaming client uses the client ers ; 
wherein the video streaming client uses the client - related related information to cause adapting an overall bit 

information to cause adapting an overall bit rate of the rate of the video streaming from the video streaming 
video streaming from the video streaming server to the server to the video streaming client ; 
video streaming client ; 25 based at least in part on the client - related information , 

based at least in part on the client - related information , determining , by the video streaming client , whether 
determining , by the video streaming client , whether the the one or more operations of the first complexity 

should continue to decode subsequent video infor one or more operations of the first complexity should 
continue to decode subsequent video information to be mation to be received later than the first video 
received later than the first video information in the 30 information in the video streaming ; 
video streaming ; wherein determining , by the video streaming client , 

wherein determining , by the video streaming client , whether the one or more operations of the first 
whether the one or more operations of the first com complexity should continue to decode subsequent 
plexity should continue to decode subsequent video video information to be received later than the first 
information to be received later than the first video 35 video information in the video streaming includes 
information in the video streaming includes determin determining , by the video streaming client based at 
ing , by the video streaming client based at least in part least in part on network characteristics affecting the 
on network characteristics affecting the video data video data stream , whether to retrieve less video 
stream , whether to retrieve less video information from information from the video streaming server ; 
the video streaming server ; 40 in response to determining that the one or more opera 

in response to determining that the one or more operations tions of the first complexity should not continue to 
of the first complexity should not continue to decode decode subsequent video information to be received 

later than the first video information in the video subsequent video information to be received later than 
the first video information in the video streaming , streaming , performing : 
performing : receiving , by the one or more decoders of the video 
receiving , by the one or more decoders of the video streaming client , second video information of the 

streaming client , second video information of the video data stream ; 
video data stream ; decoding , by the video streaming client , the second 

decoding , by the video streaming client , the second video information with one or more operations of 
video information with one or more operations of 50 second complexity that is different from the first 
second complexity that is different from the first complexity , wherein the second video information is 
complexity , wherein the second video information is received subsequent to the first video information . 
received subsequent to the first video information . 
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